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ABSTRACT 

The f a i l u r e  of an Oxidizer Tank Ring Baff le  Web w a s  reported 
i n  Unplanned Event Record U272347, July 15, 1967. Post s t a t i c  f i r i n g  
inspect ion of the  504 vehicle revealed the f a i l u r e  of a web i n  the  
f i r s t  r ing  a t  posi t ion I1 of the  lower bulkhead adjacent t o  the 
f i l l  and d ra in  por t .  Fai lure  was  a t t r i b u t e d  t o  the impingement of 
l i qu id  oxygen; resu l t ing  i n  low and high cycle fa t igue ,  i n i t i a t i n g  a t  
minute stress corrosion cracks which were caused by r i v e t  i n s t a l l a -  
t i on .  The minute stress corrosion cracks found a r e  loca l ized  
conditions caused by r i v e t  i n s t a l l a t i o n  stresses. Normal usage 
w i l l  not cause the growth of these cracks by stress corrosion.  
Deflect ion of inflowing oxygen, g r e a t e r  cont ro l  of l i qu id  oxygen flow 
r a t e  o r  t he  u s e  of a heavier gage web should preclude the f a i l u r e  
of r ing  b a f f l e  webs a t  t h i s  pos i t ion .  

KEY WORDS 

Oxidizer Tank 
504 Vehicle 
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70 79-T6 
Fatigue 
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1 .o OBJECT - 
The objec t  of t h i s  study w a s  t o  determine the  cause of f a i l u r e  of 
a 504 Vehicle Oxidizer Tank Ring Baff le  Web, 60B12550-1. 

2 .o BACKGROUND 

Post s t a t i c  f i r i n g  inspection of the  504 veh ic l e  revealed the 
f a i l u r e  of an Oxidizer Tank Ring Baff le  Web, 60B12550-1. 
Unplanned Event Record U272347, Ju ly  15, 1967, reported a hole 
found i n  a r ing  ba f f l e  segment located i n  the  f i r s t  r i ng  b a f f l e  
a t  Pos i t ion  I1 of the  lower bulkhead. Figure 1 shows four 
views of the  in s t a l l ed  web upon discovery of f a i l u r e .  It 
i s  noted t h a t  the f a i l u r e  occurred adjacent  t o  the  l i qu id  oxygen 
f i l l  and d r a i n  po r t .  It appears t h a t  a port ion of the en ter ing  
l i qu id  oxygen impinged upon the  f rac tured  web. 

The f a i l e d  web was made from 0.032 inch th i ck  annealed 7079 
aluminum a l l o y  shee t ,  which was formed and then hea t  t r ea t ed  
t o  the  T6 temper. The drawing f o r  60B12550 is shown i n  
f igu re  2. 
Assembly, 60B12714-3. 

The web i s  i n s t a l l e d  i n  the  Ring Baff le  Segment 

3 .O CONCLUSIONS 

It i s  concluded that the  f a i l u r e  of an Oxidizer Tank Ring Baff le  
Web resu l ted  from the impinging flow of l i q u i d  oxygen causing low 
and high cycle f a t i g u e , i n i t i a t i n g  a t  minute s t r e s s  corrosion 
cracks.  The minute s t r e s s  corrosion cracks were caused by r i v e t  
i n s t a l l a t i o n  s t r e s ses  r e s u l t i n g  from the  assembly of the  Ring 
Baff le  Segment. 

4 .O 

It is  recoumended t h a t e i t h e r :  (1) a h e a v i e r  gage web be used i n  
t h i s  loca t ion  t o  resist the  stresses caused by the  f i l l i n g  of 
l i q u i d  oxygen and t o  compensate fo r  the  minute s t r e s s  corrosion 
cracks which might e x i s t  near rivet loca t ions ;  (2)  inflowing 
l i q u i d  oxygen be def lected away from the  r i n g  b a f f l e ;  o r ,  (3) the 
l i q u i d  oxygen flow rate be cont ro l led  t o  produce low loading of 
the  r ing  b a f f l e .  

5 .O PROCEDURES AND RESULTS 

5.1 The f a i l u r e  of an Oxidlzer Tank Ring Bafflo Web was analyzed using 
o p t i c a l  a d  e lec t ron  fractography,microscopy, hardness t e r t i n g ,  
teorilo t e s t i n g ,  conduc t iv i ty t e r t i ng ,  and chemical ana lys i s .  

Opt ica l  fractography war performed using a 7X-SOX wide f i e l d  
r tereorcope.  Electron fractography war performed a t  9,OOOX on a 
r ep l i ca t ed  surface.  
ed t o  detormine t h e  type of f a i l u r e  a d  l oca t e  the i n i t i a l  point  
of  f a i l u r e .  
t h e  f r ac tu re  d e ,  a d  whether any irregularities ex is ted  i n  the  
r l c r P r t r u c t u r r  of the v t e r i a l .  

Frac ture  sur face  c h a r a c t e r i s t i c s  were examin- 

Microscopy of polirhed a d  etched specimens detenninec 



5.1 (Cont inued) 

Chemical ana lys i s  w a s  performed spec t roscopica l ly  t o  determine 
conformance t o  a l l o y  content.  Hardness, conduct ivi ty ,  and 
t e n s i l e  tests determined conformance t o  temper .  

5 . 2  The f a i l e d  p a r t  a s  received i n  the  laboratory is  shown i n  f igu re  
3. The f a i l u r e  was such t h a t  two pieces were broken out  from the 
web. The holes  seen in  both pieces a r e  where samples fo r  chemical 
ana lys i s  were removed. Figure 4 shows the  convex and concave 
s i d e s  of these two pieces.  
a rea  of i n t e r e s t  i n  f ractographic  ana lys i s .  The f r a c t u r e  sur -  
faces  were examined v i sua l ly  and under low magnification. The 
primary i n i t i a t i b n  point of f a i l u r e  is indicated i n  f igu res  3 
and 4, by an arrow. However the re  a r e  ind ica t ions  of f r ac tu re  
i n i t i a t i o n  a t  f i v e  loca t ions .  
t o  r i v e t  holes along the inboard edge of the  web. 
through r i v e t  ho les ,  but a t  the contact  point of the  r i v e t  head. 
Figure 5 shows four fractographs near the primary f a i l u r e  o r i g i n .  
V i e w s  A and D i nd ica t e  t h a t  i n i t i a t i o n  was  between these  points ,  
while the  f r ac tu re  pa t te rn  i s  c h a r a c t e r i s t i c  of a t e n s i l e  
f a i l u r e .  V i e w s  B and C ,  d i r e c t l y  adjacent  t o  the  i n i t i a t i o n  
area, exh ib i t  a fa t igue  type faac ture  p a t t e r n .  
t he  two obposite f r ac tu re  faces  a t  the primary o r ig in ,  a l s o  
exhib i t ing  a f a t igue  mechanism. 
t e n s i l e  f sac tures  observed i n  the  fractographs ind ica tes  t h a t  
f a i l u r e  resu l ted  both from high cycle,  l o w  load f a t igue  and 
l o w  cycle,  high load fa t igue  mechanisms. Electron fractographs 
t a k h  a t  the  primary f a i l u r e  o r i g i n  are.;lhown i n  f igures  7 and 8. 
The f r ac tu re  mode was  found t o  be in te rgranular ,  c h a r a c t e r i s t i c  
of s t r e s s  corrosion cracking i n  aluminum a l l o y  7079-T6. The 
region of intergrand&. cracking observed is  qu i t e  small, but 
could have acted a s  an i n i t i a t i o n  s i t e  f o r  f a t igue  incept ion.  

The region marked is the  major 

A l l  i n i t i a t i o n  points  a r e  adjacent  
None were 

Figure 6 shows 

The combination of fa t igue  and 

The r e s u l t s  of microscopic examination revealed a normal 
microstructure fo r  7079-T6 aluminum a l l o y  shee t .  Cross sec t ion  
views near the  f i r s t  three o r i g i n  points  a r e  shown i n  f igures  9 ,  
10 and 11. The f a i l u r e  mode is both t ransgranular  and intergran-  
u l a r .  
t h a t  stress corrosion cracking ex is ted  near r i v e t  holes .  

The i so l a t ed  areas of in te rgranular  cracking confirm 

A rpectroscopic chemical ana lys i s  revealed the  mater ia l  t o  conform 
t o  the  requirements foraluminum a l l o y  7079. The average t e n s i l e  
s t r eng th  of f i n  specimens was 82 k s i . ,  y i a l d  s t rength  71  k s i . ,  
and elongation 16 percent. 
minimuam fo r  the  T6 temper. 
hardness of Rockwell 82B were obtained, ind ica t ing  a very s l i g h t  
overtempering. 
firmed proper tempering. 

These proper t ies  a r e  above the 
A conduct ivi ty  of 34% IACS and 

However the  r e s u l t s  of mechanical t e s t i n g  con- 

e # ! m l  NO. TS-6539-100 
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5.3 In the course of fabrication, rivet installation in connecting 
the web to the segment assembly caused high localized sustained 
tensile stresses in the web. Atmospheric corrosion resulted in 
the formation of stress corrosion cracks. Upon crack initiation 
the rivet installation stresses were relieved, halting the 
further propogation of cracking due to stress c o m i o n .  These 
minute cracks lay dormant until liquid oxygen impinged upon 
the web in the static firing filling operation. Vibration caused 
the propagation of these cracks slowly by btgh cycle fatigue, and 
then more rapidly by low cycle fatigue, aided slightly by the 
reduced notch strength of this alloy at lower temperatures. The 
formation of minute stress corrosion cracks appears 'io 5e a 
characteristic inherent in the fabrication of ring s8gments where 
sustained tensile stresses are caused by fit up. Improved fab- 
rication techniques or the use of a heavier gage web in highly 
loaded areas should reduce crack formation and growth due to 
subsequent usage. 
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A - Convex sur face ,  1 / 3 ~  
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B - Concave Surface,  1/3X 

Figure  4 - Broken Out Segments 
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